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[57] ABSTRACT

In order to provide an automatic transmission for vehi-
cles, having a wide range of transmission ratio, a first
transmission unit is provided, with a transmission ratio
variable with continuity, connected on its inlet side with
a driving shaft, and at least a second transmission unit
and a third transmission unit are provided, each with a
fixed transmsision ratio, which is different from each
other, with each of them being connected, on its inlet
side, with said first transmission unit, and on its outlet
side, with a driven shaft of the vehicle, which they
supply with motion, alternatively to each other; the
second transmission unit and the third transmission unit
are connected with the first transmission unit by means
of two respective automatic couplings, which engage at
different actuation speeds.

10 Claims, 2 Drawing Sheets
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~ AUTOMATIC TRANSMISSION FOR VEHICLES IN

" GENERAL

The object of the present invention is an automatic
‘transmission for vehicles in general.

 In the vehicles equipped with internal combustion
engine, the use is known of speed gears having a trans-
mission ratio which is variable with continuity, in par-
ticular of the type equipped with a*“V”-belt and expand-
ing. pulleys, 1.€., pulleys wherein the rolling diameter of

o - the belt is changed by axially shifting one of the two

half-pulleys, which compose each of said pulleys.
‘The control of variation of the transmission ratio of

said speed gears is generally interlocked with both of

~ power factors, i.e., the engine speed and the transmitted
- torque, in order to obtain a law of change of the trans-
mission ratio, which is useful for making it possﬂ:ale the
best explmtatlon of the power of the engine to be
~ achieved in correspondence of the various Opemngs of

 feeding port of said engine.
- The degree of achievement of such a result is how-

- ever conditioned to the amplitude of the total range

~ between the minimum obtainable transmission ratio and

" the maximum obtainable transmission ratio.

In fact, one immediately understands that the condi-
- tion of optimum exploitation of power depends on the
- possibility of maintaining, as extensively as possible, the

- engine running at a determined number of revolutions

_per minute at each given feed port opening; and that can

- be precisely obtained to an extent, which is the greater,
‘the larger the range of the available transmission ratios.
The- speed gears with a variable-with-continuity
transmission ratio presently manufactured offer a range

 of ratios, wherein the highest value thereof is at maxi-

 mum four times as large as the minimum; such a limita-

| _ tion, of technological nature, does not make it possible
- the advantages to be adequately achieved, which are

potentially obtamable by means of the use of the auto-
| matic transmissions.

- The purpose of the preéent invention is to propose an
automatic transmission unit with a wide total range of

~ transmission ratio values.

Such a purpose is achieved by means of an automatic
| transmlssmn for vehicles in general, comprising a first

- transmission unit with a transmission ratio which is

variable with continuity, connected, on its inlet side,
with a driving shaft of the vehicle, characterized in that

1t furthermore comprises at least a second transmission

unit, and a third transmission unit, each of them having
a fixed transmission ratio, which is different from the

~ other, connected, on their inlet side, with the outlet side

of said first transmission unit, and, on their outlet side,
‘with a driven shaft of the vehicle, to which they trans-
mit the motion in alternative to each other, the connec-
tion between said first transmission unit, and each of

- said second transmission unit and third transmission unit

being carried out by means of coupling means compris-
- ing a driving portion and a driven portion, which are
- automatically engageable and disengageable as a func-
tion of the speed of actuation of said driving portion,
with the two respective values of speed, at which the

- coupling means relating to the second transmission unit

and to the third transmission unit are engaged, being

 different from each other.

~In the following, a non-limitative example of practi-
__cal embo_dinwn_t- of the present invention is disclosed,
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which 1s shown on the hereto attached drawing tables,
wherein:

FIG. 1 shows a sectional view of an automatic trans-
mission according to the invention;

FIG. 2 1s a chart relating to the operation of the auto-
matic transmission of FIG. 1.

The automatic transmission for vehicles shown in
FIG. 1, generally indicated by the reference numeral 10,
comprises a couple of pulleys 11 and 12, kinematically
connected with each other by a transmission belt 13.

In particular, the pulley 11, denominated the “driving
pulley”, is connected with the engine, not shown, of the
vehicle, through a driving shaft 14. The pulley 11 is
constituted by two half-pulleys, i.e., an axially fixed
half-pulley 11A, and a half-puiley 11B which is axially
movable relatively to the haif-pulley 11A. The mutual
distance between the two half-pulleys 11A and 11B is
governed by means of a centrifugal-mass governor 15,
which acts on the half-pulley 11B such to change its
axial distance relatively to the half-pulley 11A, in order
to change the transmission ratio between the pulleys 11
and 12.

The pulley 12, denominated the “driven pulley”, is
connected with a driven shaft 16 by means of a first
couple of gear wheels 17, 18, and a second couple of
gear wheels 19 and 20, with the interposition of two
clutch couplings, with automatic control means of cen-
trifugal type, 21 and 22. The driven shaft 16 is con-
nected in its turn with the propulsive element (wheel) or
propulsive elements (wheels) of the vehicle.

Each clutch coupling is per se known, and comprises,
among others, a hub, constituting a driving portion of
the coupling, indicated by the reference numeral 21A
for the clutch coupling 21, and by the reference numeral
22A for the clutch coupling 22, and a casing, constitut-
ing a driven portion of the clutch coupling, indicated by
the reference numeral 21B for the clutch coupling 21,
and by the reference numeral 22B for the clutch cou-
pling 22. As known, such a clutch coupling comprises
centrifugal masses, respectively 21C for the friction
coupling 21, and 22C for the friction coupling 22,
which, at a suitable angular speed of the hub, render the
same hub substantially integral with the casing.

Going back to examine pulley 12, it is composed by
two half-pulleys 12A and 12B. The half-pulley 12A is
axially movable, and is rigidly connected, through a
stem 23, with a half-shell 24. The half-pulley 12B is
axially fixed, and is rigidly connected, through a hollow
shaft 25, which contains the stem 23 in a free way, with
a half-shell 26. The two half-shells 24 and 26 are cou-
pled with each other, as it will be seen in the following,
with the interposition of a spring 27 housed inside them,
and are housed inside the hub 22A of the clutch cou-
pling 22. The half-pulley 12B is also rigidly connected
with the hub 21A of the clutch coupling 21 and,
through the hollow shaft 25, is also rigidly connected
with the casing 22B of the clutch coupling 22.

The gear wheel 17 is rigidly connected with the cas-
ing 21B of the clutch coupling 21. The gear wheel 18
meshes with the gear wheel 17 and is coupled with the
driven shaft 16 through a free-wheel 28, which is not
described in detail, because it is of known type.

The gear wheel 19 is rigidly connected with the hub
22A of the clutch coupling 22, and inmeshes with the
wheel 20, which is integral with the driven shaft 16.

The two half-shells 24 and 26 have two complemen-
tary curvilinear profiles, respectively 24A and 26A,
which match with each other. In case of a relative ro-
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tary movement between the two half-shells 24 and 26,
the shape of the two profiles 24A and 26A causes a
half-shell to move away from the other haif-shell (and
therefore the two half-pulleys 12A and 12B to approach
to each other), adding their action to the action of the
spring 27.

Summing-up, the transmission 10 is constituted by a
transmission unit with a transmission ratio variable with
continuity, comprising the two expanding pulleys 11
and 12 and the belt 13 connecting said pulleys with each
other, and two transmission units with fixed transmis-
sion ratio, respectively comprising the couple of gear
wheels 17, 18 and the couple of gear wheels 19, 20. The
above-said couples of gear wheels constitute reducing
wheelworks.

The approaching force supplied by the spring 27
tends to give the transmission the highest-ratio configu-
ration, corresponding to the position of pulley 12
“closed”, and of pulley 11 “open”; said force is counter-
acted by the action of the centrifugal-mass governor 15,
which acts on the movable half-pulley 11B of the driv-
ing pulley 11 with a force, which is increasingly higher
with increasing angular speed of the driving shaft 14,
and hence of the engine, in order to cause the two half-
pulleys 11A and 11B to approach to each other, and
thus obtain a progressive reduction in the transmission
ratio with increasing vehicle speed.

The position of equilibrium of the two pulleys 11 and
12 depends, besides on the angular speed of the engine,
according to as seen above, also on the value of the
torque transmitted, on the outlet side, by the driven
pulley 12; 1n fact, the force applied by the spring 27 is
varied by means of the above-seen cam-profile coupling
of the two half-shells 24 and 26; the relative sliding of
said half-shells varies as a function of the transmitted
torque, causing the spring 27 to apply a different force,
and hence the transmission to arrange itself in a differ-
ent equilibrium position, with the angular speed of the
driving shaft 14 being the same.

The clutch coupling 21 connects the pulley 12 with
the gear wheel 17 at a determined angular speed of the
same pulley. The clutch coupling 22 connects the gear
wheel 19 with the pulley 12 at a determined angular
speed of the same wheel which is higher that the above-
said angular speed of engagement of the clutch coupling
21.

The gear wheel 17 transmits the rotary motion to the
gear wheel 18, which in its turn transmits it to the
driven shaft 16. The gear wheel 19 transmits the rotary
motion to the gear wheel 20, which too, in its turn,
transmits said rotary motion to the driven shaft 16.

The free-wheel 28 performs the function of transmit-
ting the motion from the gear wheel 18 to the driven
shaft 16, and not allowing the contrary to occur, i.e., it
does not allow the motion to be transmitted from the
driven shaft 16 to the gear wheel 18.

- By means of the hereinabove disclosed and illustrated
solution, the total range of values of the transmission
ratio is equal to the product:

TCmax/ TCmin'T Fmax/ TFmin

wherein TCmax and Tcmin respectively represent the
largest transmission ratio, and the least transmission
ratio, of the transmission ratios which can be obtained
with the variable-transmission-ratio transmission unit,
and TFmax and TFmin respectively represent the largest
transmission ratio and the least transmission ratio, of the
transmission ratios which can be obtained with the two
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fixed-transmission-ratio transmission units. In the illus-
trated example, 7mnqx corresponds to the couple of gear
wheels 17, 18; and 7y corresponds to the couple of
gear wheels 19, 20.

Thus, a range is obtained of the transmission ratio,
which 1s by far wider than the range which can be
obtained by means of the solutions known from the
prior art, as mentioned in the introduction, wherein the
total range of the transmission ratio is only given by the
first factor of the above-said product.

It should be observed that by means of such a trans-
mission system, all the intermediate transmission ratios
within the range comprised between the least and the
largest of said transmission ratios are available, in prac-
tice said transmission system behaving like a continu-
ous-ratio transmission, having the largest transmission
ratio equal t0 TCmax'TFmax, and the least transmission
ratio equal to TCmin'T Emin.

The operation of the above disclosed system is illus-
trated hereunder, from an at all general viewpoint, by
referring to the chart of FIG. 2.

Such a type of chart has on the ordinate the angular
speed of the engine, indicated by wjs, corresponding to
the angular speed of the driving shaft 14, and on the
abscissa the angular speed of the driving wheel(s), indi-
cated by wg, corresponding to the angular speed of the
driven shaft 16.

This chart results to be particularly suitable for de-
scribing the behavior of the transmission 10, in that the
slope of each half-line from the origin gives the exact
value of the total transmission ratio 7=wp/og of the
whole transmission system comprised between the driv-
ing shaft 14 and the driven shaft 16.

In the presently examined case, the tangents of the
angles respectively comprised between each one of the
four half-lines shown in the figure, and the axis of the
abscissae are equal to:

TCmax'TFmax for the most inclined half-line; it corre-
sponds to the configuration of highest transmission
ratio for the belt/pulleys transmission unit, practi-
cally as shown in FIG. 1, and on condition that the
motion is transferred from the pulley 12, through
the clutch coupling 21, to the couple of gear
wheels 17, 18, to the free-wheel 28 and to the
driven shaft 16. Said condition is actually the con-
dition occurring at vehicle start-up, soon after that
the speed of the engine has exceeded the value wr
at which the engagement of the centrifugal clutch
21 occurs, and is maintained until the said speed
reaches the value wi; value, at which the action of
the centrifugal-mass governor 15 being to have
effect. TCmin'TFmax is the value of the tangent of the
angle formed by the second half-line with the axis
of the abscissae; is the value which is reached by
the total transmission ratio under the effect of the
action of the centrifugal-mass governor 15 as the
angular speed of the engine increases from the
value w1 to w7; the transmission system remains in
this end configuration with increasing values of
said angular speed, until the speed is reached,
which corresponds to the wheel speed wg1; at this
value, the engagement of the clutch coupling 22
occurs.

TCTFmin 1S the value of the slope of the third half-line
shown in the chart of FIG. 2, wherein 7r,;, is
given by the couple of gear wheels 19, 20 and 7 is
an intermediate ratio between Tcmax and TCmin in
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 the belt/pulleys transmission unit; this value, which

is reached by the belt/pulleys transmission at the

end of the transient of engagement of the clutch

couplmg 22 could in reality coincide with the maxi-

~ mum value TCmax; 1t sufﬁces to that end, that the
- condition:. -

| TC‘max/TmerI{TCmfn/ TFmax
Is verified; from such condition, it derives that:
T Crmax/ TCrmin <TFmax/TFmin;

summing up, it suffices that the range between the

fixed transmission ratios is wider than the range

obtainable from the belt/pulleys transmission unit;

the represented case is in truth an absolutely gen-
eral case. = |

'_ Tcmm T Fmin 1S, ﬁnally, the value of the slope of the last

- half-line shown in the chart; this value corresponds

“to the condition of hlghest speed of the vehicle,

~ with the engine speed being the same; under this

‘condition, the driving pulley 11 is completely

closed and the driven pulley 12 is completely open,

~ whilst the motion is transmitted downstream this

- latter through the stem 23, the two half-shells 24

3
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- and 26, the casing 22B of the clutch coupling 22, |

~.the hub 22A, to the gear wheel 19, from which the
- motion passes to the gear wheel 20 and finally to
the driven shaft 16. The transition towards this

latter configuration occurs still due to the effect of 30

~ the centrifugal-mass governor 15, which, during
- the preceding engagement of the clutch ccmphng
22, had returned back into a partially closed posi-
tion owing to the decrease in angular engine speed

' - consequent to the sharp increase in load applied to
-the same engine.

It should be conmdered that in this latter configura-
tion, the angular speed of the driven shaft 16 is always

- higher that the speed of the gear wheel 18; the correct

| operatlon of the transmlssmn 1S secured by the presence,
~ as already exposed above, of the free-wheel 28, which

- does not allow the motion to be transmitted from the
" driven shaft 16 to the gear wheel 18.

Still in order to clarify the operation of the proposed

- system, we think it useful to finally underline that the
-~ engagement of the clutch coupling 22 takes place by

- causing the centrifugal masses thereof to revolve by
‘means of the kinematic chain constituted by the fixed
- half-pulley 12B, the clutch coupling 21, the gear wheels
17, 18, the free-wheel 28, the driven shaft 16, the gear
wheels 20, 19, and finally the hub 22A; the angular
speed of said centrifugal masses is hence definitely
higher than that of the respective casing, until the criti-
cal engagement speed is reached; the following sharp
decrease in angular speed, also caused by the sharp

- increase in load applied to engine is anyway not such to

- cause malfunctionings of instabilities to occur, thanks to
~ the gripping character of the clutch coupling used,
however of an already largely known and tested type.
In this regard, it should be stressed that both the
clutch couplings and the centrifugal-mass governor, as
~well as the belt/pulleys transmission unit represent,
- from an industrial viewpoint, highly reliable elements.
It 18 possible to provide more than two fixed-trans-
mission-ratio transmission units connected with the

~ driven pulley by means of clutch couplings, such to

have an automatically-actuated connection sequence
between the variable-transmission-ratio unit and the
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fixed-transmission-ratio units, in a way similar to as
hereinabove seen.

The transmission units, both of variable-transmission-
ratio type, and of fixed-transmission-ratio type, can be
of a type different from those shown, on condition that
the same aims are reached.

Furthermore, other types of couplings can be used,
which automatically engage and disengage as a function
of the speed of the driving portion of the same coupling.

I claim:

1. An automatic transmission for a vehicle comprising
a first transmission unit with a transmission ratio which
is variable with continuity, said first transmission unit
being adapted to be connected to a driving shaft of
vehicle, at least a second transmission unit and a third
transmission unit, each of said second and third trans-
mission units having a fixed transmission ratio which
differ from each other, a driven side of said second and
third transmission units being connected to a drive side
of said first transmission unit, a drive side of said second
and third transmission units being connected to a driven
shaft of a vehicle to which motion is alternatively trans-
mitted, the connection between said first transmission
unit and each of said second transmission unit and said
third transmission unit being through first and second
coupling means each including a driving portion and a
driven portion, said driving and driven portions being
automatically engageable and disengageable as a func-
tion of the speed of actuation of said driving portions,
the speed of actuation of said first and second coupling
means drniving portions differing for the engagement of
the second and third transmission units, each of said
second transmission unit and third transmission unit
includes at least a respective first and second pair of
meshed gear wheels, a first gear wheel of said first pair
of meshed gears being rigidly connected to the driven
portion of said first coupling means, a second gear
wheel of said first pair of meshed gear wheels being
connected to said driven shaft, a first gear wheel of said
second pair of meshed gear wheels being rigidly con-
nected to the driving portion of said second coupling
means, and a second gear wheel of said second pair of
meshed gear wheels being rigidly connected to the
driven shaft.

2. The automaftic transmission as defined in claim 1
wherein said first and second coupling means are clutch
coupling means.

3. The automatic transmission as define in claim 1
wherein said first and second coupling means are clutch
coupling means friction-coupled through centrifugal
masses.

4. The automatic transmission as defined in claim 1
wheretn said first transmission unit comprises a driving
pulley and a driven pulley interconnected by a transmis-
sion belt, said driving and driven pulleys each being
formed by two pulley halves, and at least one of each
pulley half being axially movable relative to the other
pulley half.

5. The automatic transmission as defined in claim 4

- Including a centrifugal-mass governor connected to one

of the pulley halves of the driving pulley for effecting
an axial change in the distance between the pulley
halves as a function of angular speed.

6. The automatic transmission as defined in claim 4
wherein one of said driven pulley halves is rigidly con-
nected with the driving portion of said first coupling
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means and is rigidly connected w1th the driven portion

of said second coupling means.
7. The automatic transmission as defined in claim 6
wherein the two pulley halves of the driven pulley are

rigidly connected with two respective half-shells mutu-
ally coupled along two cam profiles, and an elastic
element housed between said two cam profiles for keep-
ing said pulley halves in mutually approaching position
upon relative rotation therebetween.

8. The automatic transmission as defined in claim 4
wherein the two pulley halves of the driven pulley are
rigidly connected with two respective half-shells mutu-
ally coupled along two cam profiles, and an elastic
element housed between said two cam profiles for keep-
ing said pulley halves in mutually approaching position
upon relative rotation therebetween.

9. The automatic transmission as defined in claim 8
including a centrifugal-mass governor connected to one
of the pulley halves of the driving pulley for effecting
an axial change in the distance between the pulley
haives as a function of angular speed.

10. An automatic transmission for a vehicle compris-
ing a first transmission unit with a transmission ratio
which is variable with continuity, said first transmission
unit being adapted to be connected to a driving shaft of
the vehicle, at least a second transmission unit and a
third transmission unit, each of said second and third
transmission units having a fixed transmission ratio
which differ from each other, a driven side of said sec-
ond and third transmission units being connected to a
drive side of said first transmission unit, a drive side of
said second and third transmission units being con-
nected to a driven shaft of the vehicle to which motion
1s alternatively transmitted, the connection between
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said first transmission unit and each of said second trans-
mission unit and said third transmission unit being
through first and second coupling means each including
a driving portion and a driven portion, said driving and
driven portions being automatically engageable and
disengageable as a function of a speed of actuation of
sald driving portions, the speed of actuation of said first
and second coupling means driving portions differing
for the engagement of the second and third transmission
units, each of said second transmission unit and third
transmission unit includes at least a respective first and
second pair of meshed gear wheels, a first gear wheel of
said first pair of meshed gears being rigidly connected
to the driven portion of said first coupling means, a
second gear wheel of said first pair of meshed gear gear
wheels being connected to said driven shaft, a first gear
wheel of said second pair of meshed gear wheels being
rigidly connected to the driving portion of said second
coupliing means, a second gear wheel of said second pair
of meshed gear wheels being rigidly connected to the
driven shaft, said first transmission unit comprises a
driving pulley and a driven pulley interconnected by a
transmission belt, said driving and driven pulleys each
being formed by two pulley halves, and at least one of
each pulley half being, axially movable relative to the
other pulley half, said two pulley halves of the driven
pulley being rigidly connected with respective half-
shells mutually coupled along two cam profiles, and
between which an elastic element is housed, which
tends to keep the two half-pulleys in a mutually ap-
proached position, with the action of the two cam pro-
files being such to cause the mutual approaching of the

two half-pulleys in case of relative revolution thereof.
* *x & * -
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